ABSTRACT
sink node. Better power efficiency can be achieved with multi-hop communication, as this reduces the requirement for long-range transmission since signal path loss is an inverse exponent with range or distance. In both the models, there is a problem of unbalanced energy consumption among different nodes and hence after some rounds of lifetime, nodes start to lose their energy at a higher rate and die much faster than others. In single hop communication, nodes which are furthest away from the sink node have the highest energy consumption and hence are the critical nodes, whereas in multi-hop communication, the nodes which are closest to the sink node are the most critical nodes due to heavy relaying data traffic load, and hence die faster, leaving areas of the network uncovered and causing network partitions, that is the hot spot problem [2] . Low Energy Adaptive Clustering Hierarchy Algorithm (LEACH) [4] is a hierarchical routing algorithm, in which CH is randomly selected amongst the nodes and it allows only single hop clusters to be formed but does not consider the hot spot problem. Energy-Efficient Unequal Clustering (EEUC) [3] algorithm is a self organized competition based algorithm, where cluster heads are selected based on the residual energy of neighboring nodes but this technique does not consider density of sensors which causes too much load on cluster heads. Energy-Balancing Unequal Clustering Protocol (EB-UCP) derives the reasonable ratios of distribution density among layers according to the energy-balancing principle, so that the energy consumption in every layer is nearly equal after such a deployment and the hot spot problem can be alleviated. But this mechanism does not consider the effect of collision on the energy consumption of a layer and on the total energy consumption of the network.
THEORETICAL MODEL
In this model, following assumptions have been made: i.
All the nodes are homogenous and deployed in a circular area with radius R. ii. The Sink node is located at the center. iii. Each sensor node is generating and transmitting at l bps. iv. A free space propagation channel model for multi-hop forwarding scheme. v. Single level Intra cluster collisions and no inter-Cluster Head collision are considered. vi. No collision between the clusters of different layers. vii. Energy consumed during back off is negligible as compared to energy consumed during retransmission
In this model, a layered network is considered where every layer contains a particular number of clusters, as shown in Figure1. The model of energy dissipation is taken from LEACH and is shown in Figure 2 . The maximum layer number is n and the width of each layer is d. Nodes belonging to layer {L i |i≠n} will forward both the data generated by them and the data generated by nodes from layers {L j |(i+1)≤j≤n} [4] . The nodes in the outermost layer, L n , need not forward any data. The energy spent for transmission of a l-bit packet over distance d is:
(1) and the energy spent on receiving a l-bit packet is:
The electronics energy, e 1 , depends on factors such as the digital coding, modulation, filtering and spreading of the signal. The amplifier energy, e 2 , depends on the distance to the receiver and the acceptable bit-error rate.
Figure1. A circular area network model
In order to alleviate the hot spot problem, clusters of unequal sizes are utilized. The probability of a node in a layer to be a CH is different in different layers with the probability being maximum for first layer and minimum for last layer. In this model, nodes in the first layer all become cluster heads as they have direct transmission to sink node with small amount of energy for relaying heavy data traffic. Also low probability indicates a small number of densely populated and huge clusters.
Primarily the CH selection in each layer is based on the residual energy of tentative cluster heads. But in order to maintain energy consumption among all layers equal, the node i's probability of becoming a final CH p i will be computed as follows:
where p max is the node`s probability of becoming a CH in first layer, p min is the node`s probability in the nth layer, j represents node i`s layer number [4] .
The table for a node becoming cluster head in each layer when n varies from 2 to 15 is shown in Table 1 .
Figure2. Radio Energy Dissipation Model
Table1. Probabilities of a node becoming final CH in their respective layers for different values of n, network layers Unequal clusters of different layers are associated with different probabilities; also clusters nearest to the sink node have smaller sizes than those far away from the sink node. Similarly, clusters of different layers are associated with different collision probabilities, p c_i because of unequal sizes of clusters and this will be computed as follows:
( )
Where, p tr is the probability of transmission.
The result shows that the optimum value of p tr is 0.5 at which the probability of collision starts reducing for different network layers, n. The collision probabilities for each layer when n varies from 2 to 15 are shown in Table 2 .
Table2. Probabilities of Collision in their respective layers for different values of n, network layers
PROPOSED MATHEMATICAL MODEL
In this subsection, considering energy balancing in each layer, it is assumed that all CHs equally compress the data, within a cluster, with aggregation coefficient α and energy dissipation is e 3 Joules/bit. Let N n and E n denote the number of nodes and energy consumption of outermost layer L n respectively. The outermost layer L n only needs to forward the data generated by them. Therefore the energy dissipation per unit time of each CH in Layer L n is:
( ) 
Above equation shows that if the aggregation coefficient, α is smallest, highest efficiency of data aggregation of CH is possible. As in this configuration, more CHs are closer to the sink node, hence minimum power consumption of each layer is possible and the hot spot problem will be mitigated. In our model, we kept α = 0.1, so that CH forward only 10% of the total cluster load.
When the effect of collision is considered, the energy dissipation per unit time of each non-CH in outermost layer L n is given by: 
Where, p c_n is the probability of collision for a cluster in n th layer.
The second term on the RHS of the (5) equation devotes the energy consumed during retransmission after collision is considered.
Hence, the total energy consumption of both the CHs nodes and non CHs nodes per unit time of in L n is given by: 
As the nodes belonging to layer {L i |i≠n} will forward both the data generated by them and the data generated by nodes from layers {L j |(i+1)≤j≤n}.Therefore the energy consumption per unit time of all nodes in layer L i (1≤i≤k) is expressed as; 
In this model, the energy consumption of all the layers is equal, so that the energy efficiency can be maximized. Such that,
Now, also we can obtain the ratio of the nodes deployed in n th layer and (n-1) th layer respectively, that is, 
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Put,
Similarly, we can obtain the ratio of the nodes deployed in n th layer and (n-2) th layer respectively, that is,
Figure3. Distribution of the number of nodes in an n-layered network
It is clear from Figure 4 , the optimum value of p tr is 0.5 at which the p c , that is probability of collision starts reducing for different network layers. The magnified plot in Figure5 provides a better insight.
Figure4. Impact of probability of collision on the probability of transmission
Figure5. Magnified view of Figure4
It is evident from Figure 6 , that as the value of n increases, the number of CHs in first layer or number of nodes nearest to the sink node decreases. Too large a value of n causes hot spot problem, because the number of nodes in first layer reduces drastically, thus an optimum value of n is required in order to have reasonable number of nodes in first layer.
Figure6. Impact of Network layers on the number of CHs in first layer
Thus, we can infer that optimum value of n depends upon reasonable number of CHs in first layer and the energy consumption of a layer. As shown in Figure7, E i has been plotted against the number of cluster heads, calculated for different n for N = 500. It is also shown that the reasonable value for the number of nodes in first layer is 163, for energy consumption to be 21.65mj in order to avoid hot spot problem and this corresponds to n=7. It is more clear from the magnified plot given in Figure8 and Table 4 . It is clear from Figure 9 that there is a continuous fall of energy consumption of a layer from 39.95mJ to 22.2mJ, when number of network layers changing from 2 to 6, respectively. But for n greater than 7, the energy consumption is almost constant and it ranges from 21.65mJ to 20.35mJ for network layers, 7 to 15 respectively. It is more clear from Figures10, 11 and from Table 4 . Table4. Optimum number of CHs for N=500 There will always be tradeoff between the reasonable number of nodes in first layer which have heavy data relaying traffic and minimum energy consumption of a layer, when the effect of collision is considered.
CONCLUSIONS
To address the hot spot problem, a mathematical model has been developed. This model considers the effect of collision in MAC Layer for energy balancing, layering and clustering technique in order to relay data traffic to the sink node. Unequal clusters of different layers are associated with different probabilities; clusters nearest to the sink node have smaller sizes than those far away. Analytical results show that for n greater than 7, the energy consumption is increasing slowly but the number of CHs starts reducing drastically. In order to address the hot spot problem, sufficient number of CHs is must in the first layer to relay the heavy data traffic for minimum energy consumption of a layer.
